Introduction
In his fundamental experiments on the dielectric strength of alkali halides, von Hippel (1935) found th a t the breakdown strength of a dilute solid solution is always larger than th a t of the pure substance. From the point of view of the author's theory of dielectric breakdown (Frohlich 1937 (Frohlich , 1939 this behaviour can be explained in a way similar to the analogous increase of the electrical resistance in the theory of metals (cf. Nordheim 1931) . In both cases the mean free path of electrons is decreased through additional scattering by the foreign atoms.
The assumption th a t the electrons causing the dielectric breakdown can be treated in a way similar to electrons in metals is essential for the author's theory. This theory is based on the idea th a t electrical breakdown is a phenomenon due to the acceleration of electrons, as has been suggested by von Hippel and others. The breakdown field is calculated from the condition th a t the electrons gain more energy from the electrical field than they can transfer to the lattice vibrations, so th a t no stationary state can exist. The breakdown field F, calculated in this way, was found to be inversely pro portional to the mean free path of the electrons. A correct order of magni tude has been obtained for F, and it was predicted th a t F should increase with temperature for crystals with small residual frequencies. This increase was subsequently found experimentally (Austen and H ackett 1939; Buehl and Hippel 1939; Austen and Whitehead 1940) for KBr, which has a very low residual frequency, whereas substances w ith high residual frequencies, such as mica or quartz, do not show any appreciable increase of in accordance w ith the theoretical expectation. The detailed tem perature dependence of Fi n K B r is, however, only in qualitative agreem ent w ith th theoretical formula. This m ay be due to too great a simplification of th e theoretical treatm ent of the lattice vibration.
I t thus seemed desirable to tre a t quantitatively an effect, such as the influence of foreign atom s on the breakdown strength, in which the scat tering of electrons is not entirely due to lattice vibrations. Such a calcula tion is carried out below, leading to satisfactory agreem ent w ith experim ent. From the tem perature dependence of this effect a relation is derived (equ. (14)) which depends only on the fundam ental assumptions of the theory b u t is independent of the special way in which the m ean free p a th of the electrons is calculated. An experim ental check on this relation could, therefore, be regarded as a fundam ental te st of the au th o r's theory.
The effect of foreign atoms on the mean free path
Before calculating the breakdown field, we m ust calculate the m ean free p ath l of an electron. For electrons w ith a velocity v, the m ean free p a th is connected w ith the tim e of relaxation r by l = tv.
( 1) r is defined as
Here 0 is the probability per second th a t an electron w ith a velocity vx in the ^-direction makes a collision which changes the ^-component of the velocity to V XŜ ince the collisions are nearly elastic,
where d is the angle of scattering. The sum has to be extended over all kinds of collisions. Now suppose th a t we have a large crystal w ith a few foreign atom s present. Then, as in the pure crystal, the scattering of an electron will mainly be due to a scattering by the therm al m otion of the ions. There will, however, be an additional scattering, due to the deviations from the periodic potential near the foreign atoms. Obviously we can split up the expression for 1/r (2) into two parts
Here l / r p refers to the scattering in the pure crystal, and 1 to the additional scattering by the foreign ions. Consequently, if is the probability th a t the electron is scattered by a foreign atom through an angle Here 47ra3 * * /3 is the atomic volume of the metal ion of the pure lattice neg lecting the presence of anions, i.e.
where a0 is the distance between neighbouring ions. and E' 0 are the lowest energy states of electrons in the pure crystal, and in a crystal in which all metal ions have been replaced by the foreign metal ions, keeping the lattice distance constant. Furthermore,
= a;~6(sin:r -a; cos#)2.
For most alkali halides 2 mva h == 7*6, if I introduce for v the electronic velocity for which, according to the theory of breakdown, the mean free path is to be calculated. Thus, by numerical calculation, 7 *6 I f(x)x3dx = T 2.
where E = \mv2. Using equations (5) and (4), I obtain for the mean free path 1 0-67t /3 U 1
It should be mentioned that M ott's calculation involves the assumption
\E0-E'0 \< 4 E.

The change of the breakdown field
According to Frohlich (1937 Frohlich ( , 1939 ) the breakdown field F has to be calculated from the condition
Here J is the internal ionization energy. B is the energy transferred per second to the lattice. This energy is the same as in the pure crystal, since the scattering due to th e different potential field of th e foreign atom s is an elastic scattering. D enoting by Fp th e breakdow n field of th e pure crystal, I consequently find e2 F2r B = --PP, (8) m or, using expression (3) for r,
Since I deal w ith small concentrations of foreign atom s only, On the dielectric strength of mixed crystals
According to Frohlich (1939, equ. (17) , 1937, equ. (5)) lp is given by 7 16 / ( T n n 1 p~tp v 2 *n2( e -e 0 ( ) where v is th e residual frequency, e th e dielectric constant, ^/e0 th e refractive index in th e visible range and = 1 + ghv/kT _ 1 * Thus I finally obtain, using equations (10), (11) and (6),
D iscussion *
In expression (12), all quantities are known except E 0 -E'0. Using von H ippel's experim ental values for F -Fp we find for RbCl in K C 1 and 1-7 eV for AgCl in NaCl. Since K C 1 and R bCl have nearly the same lattice constant (3*14 and 3*27 A), E0 -E ' 0 is in this case equivalent to th e difference of the lowest energy levels in th e (normally unoccupied) conduction levels in pure K C 1 and pure RbCl. Professor M ott kindly inform ed me of calculations .of these energies. According to these calculations (cf. M ott 1938, table 1) the energies are 0*07 and 0*40 eV for K C1 and R bCl respectively (in M ott (1938) th ey are denoted by X ; the polarization energy £eV of RbCl was estim ated to 1*38). Thus, th e theoretical Vol. 178. A.
value of E0 -E'q is 0*33, in good agreement w ith the experim ental value. For Ag no theoretical value is available, b u t E0 -E ' 0 should certainly be larger than for Rb, owing to the much greater differences in the energy states of the free atoms.
These considerations show th a t the theory, w ithout the use of any arbitrary constant, yields the right order of m agnitude for the increase of the dielectric strength by foreign atoms. The calculation of the absolute value of the breakdown strength is based on (i) a calculation of the m ean free path of an electron, and (ii) on equation (7) which connects the m ean free p ath (or the tim e of relaxation) w ith the dielectric strength. I t is in terest ing to note th a t from the tem perature dependence of the breakdown strength a relation can be derived which is independent of the absolute value of the mean free path, b u t makes use only of (ii) and of the fact th a t both the scattering of electrons by foreign atom s and the transfer B of energy from the electrons to the lattice are independent of tem perature. To derive this relation we note th a t (according to (8)) w ith B also is independent of tem perature, i.e. 
Now from (9) it follows th a t a t any tem perature
F2(T)-F%{T) = F J (T )!k ffl.
T f
Since Ty does not depend on T it follows w ith (13) th a t the right-hand side of the above expression does not depend on T, i.e. 
I t would be interesting to test equation (14) experimentally because it allows an experim ental check of the main ideas of the au th o r's theory of dielectric breakdown.
